We conducted a systematic review of safer conception strategies (SCS) for HIV-affected couples in sub-Saharan Africa to inform evidence-based safer conception interventions. Following PRISMA guidelines, we searched fifteen electronic databases using the following inclusion criteria: SCS research in HIV-affected couples; published after 2007; in sub-Saharan Africa; primary research; peer-reviewed; and addressed a primary topic of interest (SCS availability, feasibility, and acceptability, and/or education and promotion). Researchers independently reviewed each study for eligibility using a standardized tool. We categorize studies by their topic area. We identified 41 studies (26 qualitative and 15 quantitative) that met inclusion criteria. Reviewed SCSs included: antiretroviral therapy (ART), pre-exposure prophylaxis, timed unprotected intercourse, manual/self-insemination, sperm washing, and voluntary male medical circumcision (VMMC). SCS were largely unavailable outside of research settings, except for general availability (i.e., not specifically for safer conception) of ART and VMMC. SCS acceptability was impacted by low client and provider knowledge about safer conception services, stigma around HIVaffected couples wanting children, and difficulty with HIV disclosure in HIV-affected couples. Couples expressed desire to learn more about SCS; however, provider training, patient education, SCS promotions, and integration of reproductive health and HIV services remain limited. Studies of provider training and couple-based education showed improvements in communication around fertility intentions and SCS knowledge. SCS are not yet widely available to HIV-affected African couples. Successful implementation of SCS requires that providers receive training on effective SCS and provide couple-based safer conception counseling to improve disclosure and communication around fertility intentions and reproductive health.
Introduction
Since the introduction of antiretroviral therapy (ART), pregnancy rates and the desire to conceive have increased among men and women living with HIV due to longer life expectancy, improved quality of life, and dramatic reductions in mother to child HIV transmission [1] [2] [3] [4] . However, attempts to conceive among HIV affected couples may increase sexual transmission of HIV [2] [3] [4] , and HIV acquisition during perinatal periods increases the risk of mother-to-child transmission [5, 6] . Further, pregnancy itself is a time of increased HIV risk. Mechanisms of increased susceptibility of HIV acquisition during pregnancy and breastfeeding may be due to hormonal changes that alter genital mucosal surfaces or distribution of target cells at these surfaces, and behavioral factors such as condomless sex and multiple partners also increase HIV risk in pregnancy [6] . Addressing the various needs of couples living with HIV or at risk of acquiring HIV who desire children is a complicated task that requires improved quality, utilization, and access to safer conception counseling and methods. Given the increased risk of HIV acquisition and transmission in pregnancy, certain safer conception methods could be used through pregnancy and postpartum to prevent transmission during those periods.
Safer conception interventions that minimize the risk of horizontal and vertical HIV transmission include timed condomless intercourse (during ovulation) [7] , intravaginal or intrauterine insemination for women which may include sperm washing if the male partner is HIV-infected [8, 9] , ART for HIV-infected partners [10] [11] [12] , pre-exposure prophylaxis (PrEP) for HIV-uninfected partners [13] , and voluntary medical male circumcision for HIV-uninfected men (VMMC) [14] . While some of these strategies are generally available (including ART and VMMC), most interventions and counseling focused on safer conception may be unavailable in sub-Saharan Africa, where the majority of HIV affected couples reside [15] . Women living in sub-Saharan Africa comprise 58% of the total number of people living with HIV (PLWH) globally [1] , and it is estimated that 75% of HIV-affected partnerships are serodiscordant in countries with low HIV prevalence and 37% are serodiscordant in countries with high HIV prevalence [16] . Sub-Saharan Africa is also the region with the highest rates of conceptionassociated HIV incidence and mother-to-child HIV transmission in the world [5, 17] . One study examining seven subSaharan countries found high 'early' pregnancy-associated HIV incidence (and thus a combination of pregnancy-and conception-associated risk) of 10.59/100 PY (person-years) among women and 4.41/100 PY among men [6] .
Given high conception-associated HIV risk, understanding the current status of safer conception methods is critical. This is one of the first systematic reviews of safer conception strategy (SCS) availability, feasibility, acceptability and education/promotion for HIV-affected heterosexual couples (either concordant HIV positive or HIV discordant) in subSaharan Africa.
Methods
We conducted a systematic review of recent literature on SCS in sub-Saharan Africa following PRISMA guidelines [18] . We searched fifteen electronic scientific literature databases to identify relevant research reports using the following eligibility criteria: (1) SCS research in heterosexual HIV affected couples, (2) in sub-Saharan Africa, (3) reporting primary research, (4) peer-reviewed, (5) published after 2007, and (6) addressed a main research topic of interest. The research topics of interest included: (1) availability of safer conception strategies in sub-Saharan African countries; (2) feasibility and/or acceptability of safer conception strategies for HIV-affected heterosexual couples; and (3) promotional and/or educational strategies used to increase uptake and/or provision of safer conception strategies.
Search terms included: safe(r) conception, fertility, fertility timing, HIV, Africa, fertilization in vitro, fertilization, reproductive techniques, reproductive technologies, male circumcision, circumcision, spermatozoa, assisted reproductive techniques, insemination, safe fertilization, retroviridae, ART, PrEP, discordant or concordant HIV-infected couples, intrauterine, sperm washing, and family characteristics (Fig. 1) . Two independent research assistants performed standardized data extraction on each study and evaluated if the study addressed one of the research topics of interest. If the study did not address one of the research topics, it was excluded. This eligibility evaluation was conducted by two independent researchers, and a third independent reviewer decided on the final inclusion or exclusion in the event that two independent reviewers disagreed on eligibility (as occurred in 38% of reviews).
Next, data from the eligible studies were abstracted using a standardized data abstraction tool. Data abstracted included author/year of publication; study design (randomized control trial [RCT] , cross-sectional, cohort, case-control, or qualitative); study population; definition of the SCSs considered and whether they were widely available or under investigation; definition of key exposures or interventions tested as applicable; definition of the outcome of interest; analytic methods used; key results including SCS availability, feasibility and acceptability, and educational and promotional efforts.
Finally, we conducted an analysis using consensus among themes identified by three research assistants within the topics of interest (availability, feasibility and acceptability, and education/promotion of SCS). Any noted barriers or facilitators to safer conception implementation were also documented. These themes are classified by whether they were related to the client-or provider-side.
Results
Our initial search identified 141 articles for review. One hundred articles were excluded for the following reasons: studies did not address SCS in HIV affected couples; were not primary research (e.g. reviews or commentary papers); did not take place in sub-Saharan Africa; were not related to HIV; and/or did not address one of the topics of interest. We identified 41 studies that met inclusion criteria including: 26 qualitative studies, 3 randomized control trials, 8 cohorts, and 4 cross-sectional studies (Fig. 1 ).
Studies were from six African countries (Kenya, Uganda, Malawi, Nigeria, South Africa and Tanzania) ( Providers in this setting lack knowledge to appropriately counsel clients and there is a need for provider training.
Availability, feasibility, and education The research focus was to explore periconception risk, understanding and practices in order to design effective riskreduction interventions.
Individuals expressed desire for children, but most pregnancies were unplanned.
Male desire to procreate and misunderstanding of serodiscordance led to high levels of risky sexual behavior.
Feasibility, education 26.9%, P = 0.010).
Availability, acceptability Tables 1, 2) The studies in the review identified SCSs available or under investigation in sub-Saharan Africa. ART uptake in HIVinfected partners to achieve viral suppression [11] [12] [13] [19] [20] [21] [22] and counseling around timed unprotected intercourse (TUI) [23] [24] [25] [26] [27] [28] were generally available. Voluntary male medical circumcision for HIV-uninfected men (VMMC) was also discussed as a generally available method of safer conception [11, 14] . Advanced, or more expensive strategies such as PrEP [11, 12, 19, 22, [28] [29] [30] [31] [32] [33] and assisted reproductive techniques such as manual/self-insemination [11-13, 19, 29, 34-37] and sperm washing [8, 9] were under investigation as effective SCS methods, but were unavailable at government public healthcare facilities and generally only available in small pilot studies.
Factors affecting SCS availability from the individual or couple's perspective included lack of awareness about safer conception services [20, 22, 33, [36] [37] [38] [39] [40] [41] [42] and limited integration of services for sexual and reproductive health into HIV care [43] [44] [45] . Few patients discussed fertility goals with providers, and discussions around pregnancy focused on maternal and child health and not on sexual HIV transmission [39] [40] [41] 46] .
For providers, availability was limited by: lack of training in SCSs, SCS service delivery, and preconception counselling for people living with HIV; health workforce shortages that limited the quality of counselling; poor linkages to HIV care; and lack of integration of HIV and reproductive health services (leading providers to think that SCS is someone else's responsibility) [22, 24, 27, 35, [47] [48] [49] [50] [51] . Studies showed that provider training and self-efficacy in talking about SCS increased SCS availability [35] . Many providers working with patients living with HIV desired additional training on SCS as they were concerned with HIV transmission and future children's health [22, 50, 52, 53] ; however, tailored guidelines and training may be required for providers to implement SCS [51, 54, 55] .
Topic 2: Feasibility and/or Acceptability of Safer Conception Strategies for HIV-Affected Heterosexual Couples (Tables 1, 2)
Most of the studies reviewed included analysis of feasibility and acceptability of SCS for HIV-affected couples (32 of 41 studies, 78%). Overall, five studies found that HIV-affected couples who wanted to have children desired to learn more about SCS [27, 50, [55] [56] [57] . Studies found that interventions that are currently offered to all HIV patients may be more feasible to be adapted for safer conception. For example, ART is already widely available for HIV-infected partners in discordant couples in Africa and was the most adaptable intervention in the studies we identified [11, 12, 19, 36, 58] . Women, men, and couples expressed willingness to access safer conception interventions and desired counseling [11, 12, 15, 19, 22, 30, 31, 40, 42, 50, 55, 59, 60] . However, patients expressed difficulty disclosing their serostatus to their partners [46, 54, 61] , and male partners were often uninvolved in safer conception conversations [39, 61] though two studies found that HIV-infected men desired knowledge about SCS [41, 43] . Patients also were concerned about negative reactions from health care providers if they expressed desire to have children [41, 46, 51] . In addition, gender power dynamics in heterosexual HIV affected couples may affect the implementation of SCS. This manifested in several ways including: a lack of male involvement in safer conception conversations [57, 61, 62] , unequal decision-making power within couples with respect to having children [43, 63] , men and women having differing reasons for wanting children [22, 29, 52, 64] , and differing SCS preferences depending on which partner was HIV-infected (e.g. ART preferred when male was positive, self-insemination when female was positive) [20, 22] . Finally, financial limitations [30, 51, 57] , limited safer conception resources [11, 48, 51] and social stigma [22, 27, 57] were cited as barriers to safer conception feasibility.
Studies found that providers faced challenges when discussing SCS when one partner was HIV-infected but had not yet disclosed his or her serostatus to their partner due to confidentiality issues, lack of couple's HIV counseling and testing, one partner being more involved than the other [40, 54, 61] , and differences in acceptability of SCS given prior HIV disclosure [43] . Many studies identified provider level barriers to SCS acceptability including providers being indifferent or opposed to people living with HIV having children [22, 39, 47, [51] [52] [53] or providers expressing discomfort discussing sex, especially condomless sex in patients living with HIV, thus limiting SCS discussions [20, 50, 51] . As a result, some providers did not recommend child-bearing for people living with HIV or serodiscordant couples due to secondary transmission concerns [22, 65] .
SCS adherence was evaluated in three studies which found that couples seeking to conceive may have better adherence to ART or PrEP when compared with couples not trying to conceive [12, 35, 48] . Another study found that PrEP adherence was greater than 80% among Kenyan and Ugandan HIV-uninfected women in serodiscordant relationships who were attempting to conceive over a 36-month period (Tenofovir detected in 71% of visits where the pregnancy was discovered, similar to non-pregnant women, p > 0.1) [30] . The same study found that pregnancy incidence was 10.2 per 100 person-years (n = 1785) in women on PrEP indicating that PrEP may be acceptable and feasible as [20, 31, 33, 36, 39, 55] .
Integration of services for sexual and reproductive health to increase SCS availability and uptake [43, 45] .
Few discussed fertility goals with providers. Discussions around pregnancy focused on maternal and child health and not on sexual HIV transmission. Few received safer conception counselling [30, 39, 41, 46] .
Providers training and self-efficacy increases SCS availability [35] and providers desired additional training on SCS [22, 45, 50] . Lack of provider training and guidelines in safer conception strategies and preconception counselling for PLHIV [51] and health workforce shortages that limit the quality of counselling, poor linkages to HIV care, and lack of integration of HIV and reproductive health services [24, 45, [48] [49] [50] [51] . Tailored guidelines and training are required for providers to implement SCS [42, 51, 55] .
Providers were concerned about future children's health [47, 53] .
Topic 2-feasibility or acceptability of SCS delivery Acceptability impacted by knowledge on SCS services [20, 27, 28, 33, 34, 36, 55] . Difficulty with disclosure of HIV status [54, 61, 64] . Serodiscordant clients fear negative reaction from providers [27, 41, 46, 51] . Fears about mother to child transmission [63] . Male partners generally uninvolved in safer conception conversations [27, 39, 61] , but men desired knowledge about SCS [41, 43] . Power imbalances within couples [27, 31, 39, 59] . Different preferences for certain SCSs depending on if the female or male partner was HIV-infected (e.g. ART preferred when male was positive, self-insemination when female was positive) [12, 19, 63] . Mixed attitudes by community regarding SCS for serodiscordant couples; [57] Stigma from the community is a barrier to discussion of having children and SCS uptake among HIV affected couples [22, 54] .
Providers face challenges when discussing SCS with couples due to confidentiality issues and one partner being more involved than the other [61] and acceptability of SCS may be higher if women know their partner's serostatus [43, 64] Health care providers indifferent or opposed to PLWH having children [22, 39, 47, [51] [52] [53] . Providers do not recommend child-bearing for PLWH or serodiscordant couples due to secondary transmission concerns [22, 51, 53] . Providers self-efficacy and communication with patients assists feasibility and acceptability [35] . Providers uncomfortable discussing sex and SCS limiting SCS discussion [20, 50] . Provider education about SCS was needed and feasible [24, 45, 52, 54] . Effective sperm washing technologies are available and effective at preventing male to female HIV transmission [37] .
Women, men, and couples expressed willingness to access safer conception intervention and desire counseling [11, 12, 15, 19, 21, 22, 28, 30, 31, 40, 41, 50, 55, [58] [59] [60] . Assisted reproduction strategies generated negative reactions from couples. Education and explanation of these services may improve uptake [57] .
Topic 3-education and promotion of SCS Clients' fear of judgment is a barrier to SCS counseling and education [41, 51, 54] . Individuals may not be aware of their partner's HIV status which is a barrier to reaching discordant couples with counseling messages on SCS [43, 61, 64] Education and promotion awareness has impact on SCS uptake and acceptance [25, 33, 36, 40, 55, 59, 60] . Providers rarely initiated discussion of fertility intentions and reproductive goals with clients during visits [24, 41, 42, 46, 50, 58, 61] . When assessed, usually only the woman's reproductive goals were discussed not the man's or couples [42, 61] . Sharing success stories of safer conception is effective at increasing SCS uptake and acceptance [22, 57] . Provider's confidence to provide counseling and education increased by promotion [35] . [58] . Studies in South Africa and Uganda identified that serodiscordant couples were confident that they could implement ART, self-insemination, and TUI [12, 19, 25] , as well as PrEP [13, 28, 30] and VMMC [19] . However, male participants from several studies expressed disapproval regarding the use of sperm washing; some believed it could negatively impact the child's birth [49] , while others questioned whether the child would really be theirs if it was not conceived via traditional sex [12, 31, 50] . Overall, 18 of the 41 studies (44%) evaluated promotional or educational strategies to increase uptake or provision of SCS. Thirteen studies were qualitative assessments of healthcare providers and people living with HIV or serodiscordant couples. Several studies found that providers rarely initiated discussion of fertility intentions and reproductive goals with HIV-affected clients during visits [24, 39, 41, 42, 46, 50, 58, 65] . When fertility intentions were assessed, usually only the woman's reproductive goals were discussed and not the man's or couples [58, 61] . Providers' limited understanding of SCS impacted their ability and self-efficacy to provide SCS counseling and methods [35, 47, 48, 50, 52, 53] .
Stigma around having children and living with HIV was also a common barrier to providing SCS information or education. Mmeje et al. found that HIV-infected individuals experienced stigma from their communities and fear of vertical transmission, so do not discuss fertility intentions with their providers [54] . Other studies found that education and building awareness around SCS impacts uptake and acceptability of safer conception services in HIV-affected couples [25, 36, 46, 55, 56, 59, 60] , but patients fear of judgment for wanting children remained a barrier to receiving SCS counseling and education [27, 46, 51, 54] .
Our review found that provider attitudes and provision of safer conception counseling were largely explored in qualitative studies with limited evidence from quantitative studies. One study by Goggin et al. in Uganda evaluated correlates of self-efficacy for the provision of safer conception counseling and found that despite a general awareness about SCS, especially timed unprotected intercourse, about half of providers felt they knew enough to counsel clients and most wanted more training [35] . Self-efficacy was greatest in providers who had more SCS awareness, perceived fewer barriers to SCS provision, and demonstrated greater intentions to counsel patients on the importance of timed unprotected intercourse [35] . One randomized futility trial evaluated the integration of sexual and reproductive health into public sector HIV care in South Africa. This study found that in patients who were newly diagnosed as HIV-infected, a provider-delivered intervention in an HIV clinic helped HIV affected couples make decisions about their various options, including the risks, benefits, and options associated with safer sex, parenting options and fertility [55] .
A cohort study in South Africa provided periconception HIV prevention methods depending on the couples' HIV serostatus, including ART for HIV-infected partners, PrEP for HIV-uninfected partners, self-insemination using a syringe, VMMC and TUI [11] . Clients were given counseling and recommended strategies based on their individual and relationship dynamics and serostatus, and all services were provided in the clinic except VMMC. ART initiation was highest (90%), followed by vaginal self-insemination in partnerships with HIV-uninfected men (75%) and timed unprotected intercourse (48%). PrEP uptake was lower at 7% of men and 44% of women and VMMC was used by 28% of HIV-uninfected men [11] . The study found SCS strategy continuation during attempted conception in over 60% of participants [11] .
Discussion
Our systematic review of safer conception strategies is the first to compile evidence around SCS availability, feasibility and/or acceptability, and promotion/education strategies in sub-Saharan Africa. Our review identified 41 studies that met our criteria, of which 26 were qualitative. The review found that SCS were largely unavailable in sub-Saharan Africa outside of research settings, except for general availability (i.e., not for safer conception specifically) of ART and VMMC. Availability of SCS methods was greatest in public health facilities providing general services for people living with HIV [20-26, 31, 36, 39-44, 47-50, 56, 58, 59, 62, 63, 66-68] . More advanced or expensive strategies such as sperm washing, or PrEP remain unavailable in most public health facilities due to cost and lack of provider training [14] [15] [16] [17] 23] . However, PrEP access is increasing in East and Southern Africa, and sperm washing may become available in other high HIV incidence settings with ongoing efforts to develop lower-cost technologies [30, 37, 46, 69] . Several studies demonstrated the need for increased provider training on SCS to increase availability to services [24, 45, [48] [49] [50] [51] 70] and additional studies demonstrating the efficacy of SCS provider training curricula in different settings, such as the Safer Conception Counseling Tooklit [54] , are warranted.
Our review found that many safer conception strategies were acceptable when provided to people living with HIV and desiring children, and that once educated about SCS, couples expressed confidence that they could effectively implement one of the safer conception strategies, despite some hesitations regarding the use of sperm washing among HIV-infected men [27, 29, 47, 57, 65, 71] . While HIV affected couples were generally eager to learn more about safer conception [27, 36, 39, 44, 46, 48, 51, 54, [72] [73] [74] , there are numerous barriers to SCS access including stigma around HIV-affected couples wanting and bearing children [46] . Like our review, a recent consensus statement supporting safer conception and pregnancy for couples living with HIV found that access to SCS is limited by stigma toward HIV affected couples having children and that this stigma limits provision of safer conception services [75] . Increasing community education about SCSs via community health worker networks may help increase acceptability for previously unfamiliar conception strategies and reduce community-, provider-, or family-level stigma around pregnancy in HIV affected couples, as was accomplished with increasing community knowledge and acceptance of HIV testing [76, 77] and couples' HIV counseling and testing [78] [79] [80] .
Another barrier to SCS access among HIV affected couples is challenges with HIV serostatus disclosure [22, 24, 45, 49, 50, 64] . Prior studies have shown that serostatus disclosure can be facilitated by couples' HIV counseling and testing which provides a counselor-mediated venue for serostatus disclosure and is also an opportunity to reach HIV-affected couples to discuss their fertility goals [81, 82] and potentially improve their ability to communicate about safer conception. The recent consensus statement supporting safer conception and pregnancy for couples living with HIV also highlighted couples-based HIV testing as an important strategy, and prior studies have demonstrated the impact of couples' HIV testing on sustained reduction in risk behaviors over time [81] .
Finally, our review highlights the need for integration of safer conception services for HIV affected couples into both HIV and sexual and reproductive health services, as lack of integration was discussed as a barrier to SCS service provision [24, 45, [48] [49] [50] . We advocate for the integration of SCS service provision within HIV testing, couples' HIV counseling and testing, and in conjunction with partner notification [82, 83] services.
This systematic review has limitations. First, we did not find common quantitative outcomes across the studies and as such, we were unable to conduct a meta-analysis. Another limitation is the limited geographic coverage of the research conducted to date. The included studies were from six African countries (Kenya, Uganda, Malawi, Nigeria, South Africa and Tanzania), limiting generalizability to other countries and settings. We did not identify studies on cost-effectiveness of SCS in prevention of HIV transmission or pregnancy outcomes. Given the relatively high costs of some of the SCS options such as PrEP and sperm washing, such analyses will be important to cost-effective SCS scale-up.
Conclusion
Currently, the most available SCSs in sub-Saharan Africa are those not requiring advanced technology (e.g., timed unprotected intercourse) or strategies that are already in place (ART for HIV-infected individuals, VMMC for HIVuninfected men). More advanced methods such as PrEP or sperm washing were largely unavailable. Provider training and patient education about SCS remain low, especially for couples. However, HIV affected couples have expressed a general desire to learn more about safer conception though they face issues with stigma and serostatus disclosure. Providers have also expressed desire to learn more about providing SCS, though stigma around discussing reproductive health with HIV affected couples is a barrier. Integration of SCS into HIV, reproductive health, and couples' HIV counseling and testing will be essential to guaranteeing access to safer methods implementation of SCS in sub-Saharan Africa. Future research on SCS would benefit from common outcomes to increase comparability between studies, cost-effectiveness of SCS, and a deeper examination of the facilitators of SCS implementation.
